A total of 142 samples including beef (n = 52), fresh milk (n = 45) and rectal swabs of cattle (n = 45) were collected from various wet markets (beef) and dairy cattle farms (milk and rectal swabs) in the vicinity of Selangor, Malaysia. All samples were examined for the presence of Arcobacter species using four different isolation methods. The organisms were first identified on the basis of phenotypic tests and later the suspected isolates were confirmed using multiplex PCR (mPCR). Method I (MI) and Method II (MII) detected Arcobacter in 43.7 and 75%, respectively from beef, but were unable to detect microbe from milk and rectal swabs. On the other hand, Method III (MIII) detected Arcobacter in 100, 60 and 40% of beef, milk and bovine rectal swab samples respectively; Method IV (MIV) detected 93.7, 60 and 40% in beef, milk and cattle rectal swabs respectively. The discriminatory power among the isolation methods for Arcobacter species was evaluated and MIII was found to be the best as it identified A. butzleri (72.7%); A. cryaerophilus (22.7%) and A. skirrowii (4.5%) while A. butzleri (61.1%), A. cryaerophilus (22.7%) and A. skirrowii (9%) were isolated from MIV.
INTRODUCTION
The members of the genus Arcobacter are motile, Gram negative, non-spore forming, curved, or sometimes appearing as spiral rods (Vandamme et al., 1991) . Arcobacter was initially known as aerotolerant Campylobacter (Neill et al., 1979) and was isolated for the first time from aborted bovine fetuses in 1977 (Ellis et al., 1977) , and porcine aborted fetuses the following year (Ellis et al., 1978) .
The public health significance of the genus Arcobacter, in recent years, has become increasingly important because of emergence of more new species and their zoonotic potential. Until 2006 the genus Arcobacter consisted of only five species and currently seven new species have emerged (Shah et al., 2011; Figueras et al., 2010) . All these 12 species have been isolated from various animal origin food products including beef (Aydin *Corresponding author. E-mail: saleha@vet.upm.edu.my. De Smet et al., 2010) , rabbit meat (Collado et al., 2009b) , duck meat (Houf et al., 2009 ) and milk (Pianta et al., 2007; Sculllion et al., 2006) ; sea food (Collado et al., 2009a; Figueras et al., 2010) , pork (Shah et al., 2011; Kabeya et al., 2004) ; animals such as cattle, horse, sheep, pigs, monkeys, raccoons, poultry (Ho et al., 2006; Van Driessche et al., 2005) as well as different types of water such as river, canals and drinking water (Ertas et al., 2010; Jacob et al., 1998; Musamanno et al., 1997) .
Arcobacter species are associated with diseases such as mastitis and abortions in animals (Ho et al., 2006; On et al., 2002; Skirrow, 1994) and enteritis and septicemia in humans (Engberg et al., 2000; Prouet-Mauleon et al., 2006) . Its pathogenicity is in dispute in the absence of fulfilling Koch's postulates. It has also been isolated from clinically healthy humans (Houf and Stephan, 2007) .
Arcobacter spp. have been recognized as a potential food and water-borne pathogens (Gonzalez et al., 2007; Ho et al., 2006; Shah et al., 2011) however, standardized detection methods have yet to be established. In this perspective, a series of methods have been described employing various broths and supplements (Atabay and Corry, 1998; De Boer et al., 1996) and several studies comparing different culture based methods have been published (Johnson and Murano, 1999; Ohlendorf and Murano, 2002; Scullion et al., 2004) . However, there is no recommended "standard method". Moreover, routine identification by means of phenotypic tests often gives erratic results due to the close phylogenetic relatedness of Arcobacter to Campylobacter. Absence of a reliable identification scheme may lead to significant underestimation of the actual prevalence of Arcobacter (Harrab et al., 1998) .
Thus, this study was carried out to evaluate four culture-based isolation protocols and to determine the optimal method for recovery of the Arcobacter species from cattle, beef and milk.
MATERIALS AND METHODS

Sample collection
A total of 142 samples including beef (n=52), fresh dairy cow milk (n=45) and rectal swabs from cattle (n=45) were collected. Beef samples were collected from six different retail markets, whereas rectal swabs and milk samples were collected from three dairy cattle farms, around Selangor, Malaysia. All the samples were collected between periods of April to July 2010. The samples were immediately transported to the laboratory in a container packed with ice and cultured within 3 to 4 h after sampling.
Sample preparation and isolation procedure
A total of 52 beef samples, were collected from various retail markets in the vicinity of Selangor and brought to Veterinary Public Health Laboratory in ice-packed containers. Ten grams of each sample was mixed with 90 ml of sterilized distilled water and homogenized in a stomacher. Thereafter 1 ml of homogenate was subjected 9 ml (to each) of four methods of isolation and incubated accordingly.
Rectal swab was collected by inserting a sterile cotton swab into the anus of animal, twisted (contacting the walls of rectum) and removed. The swabs were then placed individually into universal bottles containing appropriate enrichment broths, brought to the laboratory in ice box and incubated accordingly.
Fresh milk (100 ml) was collected from each animal and placed individually in sterile bottles and transported under cooled condition (4°C) to the laboratory and cultured within 3-5 h of collection. Milk samples were enriched (1:10) and incubated according to Method.
After incubation, in Method I, 20 µl of each enrichment broth culture was transferred by directly pipetting onto the surface of the agar plates. In Method II, III and IV, 100 µl of each enrichment broth culture was plated using membrane filters. The plates were incubated aerobically at 37°C for 1 h before the filters were removed. After filter removal, the plates were incubated at 30°C, under aerobic conditions for 48 h.
Isolation methods
Isolation methods and their modifications are detailed in Table 1 : Method I (de Boer et al., 1996) , Method II (Modified de Boer et al., 1996) , Method III (Atabay and Corry, 1998) and Method IV (Modified Atabay and Corry, 1998) were used for Arcobacter detection and their sensitivity and specificity were compared. For Method II, the following modifications were made: enrichment broth was microaerobically incubated (condition generated by BD CampyPak TM , Becton, Dickison and Company) at 30°C (instead of 24°C) for 48 h and then transferred on to Blood Agar Base no. 2 (Oxoid; CM0271) supplemented with 5% defibrinated horse blood and plates were kept aerobically at 30°C (not 24°C) for two days (not 5 days) and for inoculation onto agar medium, membrane filters of 47 mm diameter and 0.45 µ pore size (Sartorius, Ltd., Goettingen, Germany) were used. In Method IV, sheep blood was replaced with 5% defibrinated horse blood which was incorporated in plating agar medium.
Presumptive identification of isolates
Four to six whitish/gray, pin point, watery colonies from each plate were picked for Gram staining, catalase and oxidase tests. The organisms were also examined for motility, indoxyl acetate hydrolysis and hippurate hydrolysis activities Atabay and Corry, 1998) .
Confirmation of isolates by species specific multiplex PCR (mPCR)
For confirmation of isolates at species level, the mPCR technique (Houf et al., 2000) was used with some modifications in the agarose gel electrophoresis conditions. In brief, from each plate of purified isolate, a loopful of colonies was placed into 1 ml of sterilized distilled water (heavy suspension) in an Eppendorf tube (1.5 ml) for DNA extraction using DNA extraction kit (Promega, USA). For the simultaneous detection of A. butzleri, A. cryaerophilus and A. skirowii, the primers targeting 16S and 23S rRNA genes were used. A multiplex PCR reaction mixture of 50 µl contained 25 µl of 2x Master Mix (Qiagen, UK), 5 µl of 10x Primer mix (SKIR, BUTZ, ARCO, CRYI and CRYII), RNase free water and 2 µl of DNA extract. PCR conditions applied were as follows: All the DNA samples were pre-heated at initial Taq temperature of 95°C for 15 min followed by 32 cycles each of denaturation (94°C, 45s), primer annealing (61°C, 45s), chain extension (72°C, 30s) and final extension (72°C, 10 min). Amplified products were detected by electrophoresis in 1% agarose gel (80 V for 60 min). Finally, the gels were stained with gel red (Biotium, Hayward, CA) and examined under UV transilluminator. Reference strains of A. butzleri (CCUG 17812), A. cryaerophilus (CCUG 17801) and A. skirrowii (CCUG 30483) were used as positive controls; water served as the negative (no template) control.
Data analysis
The sensitivity and specificity of all methods were calculated using the following formulae (Merga et al., 2011 ).
The differences in specificity and sensitivity of each isolation method were tested for significance using Fisher's exact test using 
RESULTS
The phenotypic characteristics revealed that the presumptive Arcobacter colonies were pin-point and translucent, showed Gram negative reaction and cork-screw type motility. Biochemically they were positive for catalase, oxidase and indoxyl acetate hydrolysis tests; Arcobacter spp. were negative for hippurate hydrolysis test. The four isolation methods were compared for their ability to detect Arcobacter from beef (Table 2) . MIII had the highest sensitivity (100%) among the four methods which was significantly different (P = 0.0030) when compared with MI, but was comparable to MII (P = 0.611) and MIV (P = 0.5000). Significant differences in sensitivity were also noted between M1 and MIV (P = 0.0004) and MII and MIV (P = 0.0138). On the other hand specificity of MI was highest (70%) compared to other methods and was significantly different (P = 0.0456) from MIII; MII was significantly different from MIII (P = 0.0341).
The discriminatory power of four methods for
Arcobacter species was confirmed by using mPCR (Figure 1 Table 4 . Detection of Arcobacter spp. from rectal swabs of dairy cattle using four isolation methods. (60% each), however their specificity and sensitivity were non-significant (P = 0.1877 and P = 0.6046, respectively).
Method
A. butzleri was the only species isolated from all positive milk samples. Similarly, MI and MII did not detect Arcobacter from rectal swabs of dairy cattle (Table 4) . However, MIII and MIV detected Arcobacter but statistically their specificity and sensitivity were not significantly different (P = 0.6916 and P = 0.6176, respectively). Only A. butzleri was detected from all positive rectal swab samples.
DISCUSSION
MI and MII were quite cumbersome to perform and expensive because of the cost of antibiotics supplement. The recovery rate of Arcobacter by MI from beef was 7/16 (43.7%) and isolated only A. butzleri species; however MI did not detect Arcobacter from either milk or bovine rectal swabs. De Boer et al. Method I (1996) method could not detect any positive sample for Arcobacter, whereas the same samples were positive for Arcobacter when CAT (cefoperazone, amphotericin, teicoplanin) and membrane filtration method (MII) was used (Ongor et al., 2004) . Furthermore, this method (MI) could not detect Arcobacter from A. cryaerophiluspositive samples (Houf et al., 2000) . Various factors such as type and concentration of antimicrobial compounds in the media might influence the growth and isolation rate of Arcobacter (Atabay and Corry, 1998) . Arcobacter spp. are susceptible to piperacillin and cefoperazone at concentrations slightly lower than those used in MI (Houf et al., 2001) , which may have reduced the potential ofthe isolation protocol to support Arcobacter growth. The specificity of MI was highest (70%), which was probably due to addition of the antibiotic supplement.
Due to the sensitivity of Arcobacter species to antibiotics supplement, MI was modified by using cellulose acetate membrane filter instead of antibiotics supplement (MII) which improved the recovery rate (75%). The pore size of the membrane filter allows Arcobacter species to penetrate through (Atabay and Corry, 1998) . Membrane filtration methods have been reported as superior to other isolation methods used so far (Engber et al., 2000) .
For all samples examined, MIII was most sensitive in
Arcobacter detection (100%). On the contrary its specificity was poor (34.7%) which may be due to the addition of blood, a universal ingredient to support many nonArcobacters. Arcobacter enrichment broth containing CAT (cefoperazone, amphotericin, teicoplanin) antibiotic supplement tend to support the growth of A. butzleri, A. skirrowii and A. cryaerophilus species, but did not support the growth of Campylobacter strains (Philips, 2001) , which was probably due to absence of oxygen-quenchers (such as blood) which neutralizes the toxicity of atmospheric oxygen (Atabay and Corry, 1998; Corry et al., 1995) . The use of CAT broth followed by the passive filtration of the enriched broth culture (0.45 µm filters) on blood agar, has produced similar results to those obtained with direct detection by multiplex PCR (Collado et al., 2009a; 2008) . Arcobacter species have also been recovered from beef (22%), lamb (15%) and chickens (73%) using medium containing CAT (Rivas et al., 2004) . By using CAT-membrane filtration technique, 6.9% Arcobacter (A. butzleri 4%, A. skirrowii 2.9% and A. cryaerophilus 0.5%) from cattle rectal swabs were detected, whereas, 37% of minced beef (A. butzleri, 33% and A. cryaerophilus 3.7%) was found Arcobacter positive (Aydin et al., 2007) . The cost and difficulty in maintaining a ready supply of sheep blood for media preparation led to the development of MIV which replaced 5% defibrinated sheep blood with 5% defibrinated horse blood. This modification did not produce any significant difference (P=0.5000) when compared to MIII. On blood agar, Arcobacter produces large, round gray color colonies. Arcobacter can produce highly distinctive colony morphology (round gray colonies with characteristic pink color when picked with a white loop), which allows ready discrimination from nonArcobacters (Scullion et al., 2004) .
The ability of MIII and MIV to detect Arcobacter was better for beef, (87.5 and 81.2%), milk (60 and 40%) and cattle rectal swabs (40 and 40%), compared to MI and MII which detected Arcobacter in beef (43.7 and 56.2%, respectively) but not in either milk or cattle rectal swab samples.
The greatest problem encountered during the isolation of Arcobacter from meat samples was overgrowth of Pseudomonas and Proteus. Proteus species are commonly found on fresh meat and poultry (Jay, 1996) and because of their sizes (approximately 0.4 to 0.8 µm in diameter and 1-3 µm in length) and motile nature they were able to cross the physical barrier of cellulose membrane filter (0.45 µm) (Holt et al., 1994) . Moreover, a colony of Arcobacter was often completely overgrown by a rapid growth of competitive microflora. The plating media for Arcobacter are highly nutritious and many yeast species, especially Candida and Trichosporon were able to grow (Vytrasova et al., 2003) .
Biochemical tests alone are not adequate to confirm Arcobacter, unless they are followed by PCR assay (Vytrasova et al., 2003) . On confirmation of Arcobacter isolates by mPCR it was found that, MI and MII supported the growth of only A. butzleri. This may be due to addition of antibiotics supplement such as piperacillin and cefoperazone, which inhibited the growth of A. skirrowii and A. cryaerophilus (Houf et al., 2001) . MIII and MIV supported A. butzleri, A. cryaerophilus and A. skirrowii . Arcobacter medium containing CAT supplement supported the growth of all three species of Arcobacter (Atabay and Corry, 1998) .
In the present study, four isolation methods were compared to determine an optimal isolation method for Arcobacter from beef, milk and bovine rectal swabs. The detection rate of Arcobacter from various sources differed due to the sensitivity of methods. MI and MII were rather tedious to prepare and used costly materials. In addition, their detection and discriminatory potentials were not good as those of MIII and MIV, which detected highest number of positive samples and were able to discriminate A. butzleri, A. cryaerophilus and A. skirrowii. 
